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O0vbekmom uccie008anUs AGISAIOMCS CIONACHbIE DYHKYUOHATbHbIE CUCMeMbl 8030YUIHbIX CY008. [Ipeomem uccaedo-
6AHUSL BKIIOHACT MEMOOOA02UHECKULL NOOX00 K paciemy 6e30mKasHocmu pacemampugaemvix cucmem. Temoti cmamou
AGISLEMCS Pazsumue Memooo8 OyenKu 6e30MKASHOCMU CIONCHBIX cucmem. Llens cmambu 3aK10uaemcs 8 uccie0o8anuu
NPABOMEPHOCU U AOEKEAMHOCTU MEMOOOI02UUECKO20 NO0X00A MPAOUYUOHHOU MEOPUU HAOEHCHOCMU 8 PACHemax
60CCMAHABIUBACMBIX PE3EPEUPOBANHBIX CUCTIEM.

K mpaouyuonnvim omuocamess memoowl, 0CHOBAHHbIE HA UCHONL308AHUU TEOPEMbl YMHONCCHUS 8EPOSIMHOCTE.
B nocmanosounoii uacmu pewienus 3a0auu paciema 6e30mKasHOCU PAcCMaAmpusaemblx CUCIeM YKA3bI8AOMCsL YCio-
8UsL, GLINOJHEHUE KOMOPLIX Onpeodensen omKas cucmemvl. B npoyecce pewenust 3a0ay mpaouyuoOHHbIMU Memooamu
amu ycnogus ueHopupyomes. Ilokazano, umo no mpaouyuoOHHOMY PeUleHur) CUCIeMbl OMKA3bl6am MOIbKO HpU
YCRosuu omrasa écex snemenmos. Ilpu pacueme ManicopumapHou cUucmemvl 8ePOSAMHOCHb ee OMKA3Ad ONpPedensiemcs
CYMMUPOBAHUEM BEPOIMHOCIEL OMKA3a N0 08YM COCMOoAHUsIM. [Ipuuem npednonazaemcs, 4wmo 6mopoi OmKa3 peanu-
3yemcs 8 yoice paree omkazasuieli cucmeme. OmKazvl S1eMEHMOs, Onpedensoujie ROMepr pabomocnocooHOCMu Clc-
membl, peanusyiomest 8 OUCKPenHble MOMEHMbL BPEMeHtU, HO NPU MPAOUYUOHHOM PEUeHUY OUCKPEMHOCMb He YHUnbl-
saemcs.

Ipeonazcaemvlii Memodono2uueckuil N0OX00 OCHOBAH HA NPEOCMABICHUU O MOM, YO NPU CIMAYUOHAPHOM RPOYecce
6EPOSIMHOCIb OMKA3A DNEMEHMA 6 PabomMOCHOCOOHOU Yacmu CUCIeMbl ONPeOeTSIemcs CyMMAPHOU NIOMHOCHbIO 8epo-
AMHOCMU ROOKO8 OMKA308 JNEMEHMO8, COCMAGISIOWUX DMLY HACMb CUCIEMbl, U UX NPeOUuleCmayoueil HapabomKou.

Ipu pewenuu 3a0au pacuema 6e30MKA3HOCMU PACCMAMPUBAEMBIX CUCTNEM HO NPEONONCEHHBLM MEMOOAM meopemd
VMHOJICEHUsL 8epostmHOCmell He ucnonvzyemcs. Onpedeisiomcs: 6peMeHHble UHMEPSAibl, HA KOMOPbIX JJIeMEeHMbl CUC-
meMbl OMKA3bI6AOM U CHUNCAIOM ee pabomocnocobrocms. [Ipednazaiomes peweruss ¢ y4emom UMeHeHUusi CImpyKnmy-
Dbl clcmeMbl N0 Mepe pa3eumusi 6 Hell OmKAa308.

Pesynomamel, nonyuenuvle no npeoiazaemomy nooxooy, Cmpo2o COOMEEMCMEYIOn YCI08USM OMKA308 CUCTEM.
Tlpasomeprocmsb no0xo0a noomeepicoeHa pe3yibmamamu IKCHepUMenmanbHulx ucciedosarnuil. Ilpeonazaemvle memooul
Moz2ym Oblmb UCHOAL30BAHBL NPU pacyemax 6e30MKA3HOCMU QYHKYUOHATbHBIX CUCHIEM CAMOLEMO8 U KOCMUYECKUX
annapamos.

Knioueswvie cnosa: soccmanasnusaemas cucmema, CRlOHCHAs cucmema, 6eposmHocms OomKkasa, nNjionmHoCcnb nOmokKa
ONMKA306 31eMeHmoe, OUCermHOCI’nb OMmKdas3oe.
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In this article, the object of research is complex functional aircraft systems. The subject of the study includes
a methodological approach to systems reliability calculation. The theme of this work is development of the methods for
the complex systems reliability assessing. The aim of this work is to study the validity and adequacy of the methodologi-
cal approach to the traditional reliability theory in the calculations of recoverable redundant systems.

Traditional methods include the methods that are based on the use of the multiplication theorem of probabilities.
In the production section of faultlessness calculating solving problem are the conditions for the system failure of. These
conditions are ignored, using traditional methods of solving problems. It is shown that according to the traditional
solution, systems are only refused if all elements fail. When calculating the majority system, probability of its failure is
determined by summing the failure probability for two states. And it is assumed that the second refusal is realized in the
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previously failed system. Failures of elements that determine the loss of system performance are realized at discrete
instants of time, but, with the traditional solution, discreteness is not taken into account. The methodological approach
proposed by the authors is based on the notion that, in a stationary process, the failure probability of an element in the
operable part of the system is determined by the total density probability of the failure streams of the elements making
up this part of the system and their previous generation.

Using the methods proposed by the authors for solving the problems of reliability calculating of these systems, the
theorem of multiplying probabilities is not used. Time intervals are determined on which the elements of the system fail,
and reduce its efficiency. Taking into account changes in the system structure, solutions are proposed as the failure in it
develops.

The results obtained according to the proposed approach strictly correspond to the failure conditions of the systems.
The validity of the approach is confirmed by the results of experimental studies. The methods proposed in the work can
be used in calculating the reliability of functional systems of aircraft and spacecraft.

Keywords: recoverable system, complex system, the failure probability, density of failure flow of elements, discrete-
ness of failures.

Beenenne. [lo npuHUMIy NOANEP)KAHUSA HALAEKHOCTH  JIEJIBHO COEAMHEHHBIX OJJMHAKOBBIX 3JIEMEHTOB IPUBEICHA

pa3MYaloT BOCCTAHABIMBAEMbIE W HEBOCCTAHABIMBae-  Ha pHcC. 1.
MBI€ CHCTCEMHEI. CDyHKLII/IOHaJ'II)HbIe CHCTCMBbI, OTKa3bl KO-
TOPBIX TPHUBOAAT K OONBIINM MOTEPSM, KaK IPaBHIIO,
BBINOJHAIOT M PE3EPBUPOBAHHBIMU, U BOCCTaHAaBJIMBae-
MbIMU. B aBualMM BOCCTaHOBJIIEHME CHUCTEM B Clly4ae
OTKa30B MX JJIEMEHTOB B IIOJIETE BBIMNOJHAETCA IIOCIE
nocaaku. Ho 3a BpeMst mojyieta ¢ 0TKa3aBIIUM 3JIEMEHTOM
BO3MOJKHBI OTKa3bl U B OCTAJIbHBIX PE3C€PBHBIX MMOACUCTE-
max. B pabotax [1-3] moka3zaHo, YTO aBHAIIMOHHBIE CHUC-
TEMBI BCJIEICTBAE BOCCTAHOBIICHUS DJIEMEHTOB HE CTAPEIOT
6osee yem Ha 60 %.

B TpaguuuoHHO# TeopuH HaZEKHOCTH pacueT 0e30T-

Ka3HOCTH CHCTEM OCHOBAaH Ha IPUMEHEHUH TEOPEMBI Puc.1. CtpykTypHas cxemMa CHCTEMBI
YMHOKEHUS] BEPOSTHOCTEH, U B KOHEUHON MOJAEIH OTCYT- C NapaUICJIBHBIM COCIMHEHNEM
CTBYET y4YeT TUCKPETHOCTU COCTOSIHUN CHCTEM. DTO TpH-
BOAWT K UTHOPHpPOBaHMIO mocTyiara Maxkca [lmanka [4]
0 JHUCKPETHOCTU COCTOSIHUW CHCTEM CO BCEMH BBITEKAlO-
IMMH HCIraTUBHBIMU IIOCJICACTBHUSIMU. BCCCTOpOHHee
HUCCIEIOBAHUE HEAOCTAaTKOB TPaJULMOHHOHW TEOpUHU
HAJEKHOCTH CUCTEM IPUBENICHO B [5; 6].

B paGotax [7; 8] mpeasioskeH TMOAXOM K pacueTy Oe3- 01 =q(2)’. 1)
OTKA3HOCTH CHCTEM 0€3 HMCIOJIb30BaHUS TEOPEMBI YMHO- HpH CTallMOHAPHOM PEKHMME JKCIUTyaTalluu BEPOSIT-
JKEHHS BEPOSTHOCTEN, B KOTOPOM YYHTBIBAETCS TUCKPET- HOCTBH OTKa3a 3JIEMEHTOB q(t) CUCTEMBI JIOIyCKaeTCs MO-
HOCTH cocrosgHuii cucreM. OH OCHOBaH Ha npeacrasliic- JCIMPOBaTh pacnpeacICHUEM paBHOMepﬁoﬁ IIJIOTHOCTHU
HHMH O TOM, YTO BEPOSTHOCTh PEAIN3ALMHU IIEPBOTO OTKAa3a  BHJA

[elila

Fig.1. The system structural scheme
with parallel connection

[Ipy TpanunMOHHOM IOAXOJE M3MEHEHHE BEPOSITHO-
cTH oTKa3a () TakoW CHCTEMBI BHIPA3UTCS B BULIE

B CUCTEME OIPEAEIIETCS CYMMapHbIM IapaMETPOM IOTO- 0<t<2T

f@)-t, tne 0<r<2T,,
KOB OTKa30B BCEX DJIEMEHTOB, COCTABJISIIOIIUX €€ pa60T0— q(;) = 2)
CIIOCOOHYIO 4acCTh, U MX IPEIIIECTBYIONIIEH HapaOOTKOM. 1, rne 1227,

Ha ocnoBanuu moxaxona pa3paboTaHbl METOABI UL pac-
yeTa 0€30TKa3HOCTH CHCTEM C Pa3iIM4HBbIM TUIIOM pe3ep-
BUpoBaHus. B [9] mpuBeseHbl pe3ynbTaThl JKCHepUMeH-  HapabOTKa 3JIEMEHTa Ha OTKa3 (MAaTOXHIAHHE BPEMEHH
TANBHON TPOBEPKH pa3pabOTaHHBIX METOMOB. Ilpemma- — OTKasa):

rae f{f) — mioTHOCTH pacupexenenus; T, — cpenmss

racMbele METOJABI OOCCIICYMBAIOT BO3MOXKHOCTH pacyueTa 0, e t<0, > ZTcp»

HapabOTOK CHCTEMbI, Ha KOTOPBIX PEAU3YIOTCS OTKa3bl . | 3

2JIEMEHTOB, 1 UCCIEN0OBaHNE MEXAHN3MOB OTKAa3a CHCTEMBI. f= —=0,50, rae 0<t<2T, - ®)
Ilenpro naHHOW cTaTbM SIBISETCS aHAIM3 MOJIEJeH 2Tcp

pa3BUTHS OTKa30B B ()YHKIIMOHAJNBHBIX CHCTEMaX NpHU
Pa3NAYHBIX TOAXO0AaX.

MexaHu3M pa3sBUTHSA OTKA30B B CHCTeMe C mapaJi- s s
JleJIbHBIM cOelMHeHHeM. PaccMoTpuM MonenupoBaHUE o) =g = (f1)".
U3MEeHEeHHUsT 0e30TKa3HOCTH B HEBOCCTAHABIWBAEMOU Ha puc. 2 wmTpuXmyHKTUPHON JIHMHUEW TpUBEICHA
CHCTEME C MapajUIebHbIM COESAMHEHHEM DJIEMEHTOB NpH  (YHKIMS paclpeesieHns] BEPOsSTHOCTH OTKa3a paccMmart-
tpaauuuoHHoM [10-13] u mpemtokenHoM B [7; 8] moa-  pUBaeMoil CHCTEMBI, HOCTPOCHHasl 1O BhIpaxkeHHro (1)
xomax. CTpyKTypHas CXeMma CHUCTEMBl W3 IIITH Mapaji- ¢ ydeToM (2).

Torga B cootBercTBUU ¢ (1)—(3) pu cTarmoHapHOM
PEeKHME BEPOSTHOCTh OTKa3a CHCTEMbI OIIPEACTIUTCS KaK
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Puc. 2. ®yHKIMH pacnpe/ieNeHus BEPOITHOCTH OTKa3a CUCTEMbI
13 5 mapajuIeIbHO COSJMHEHHBIX 2JIEMEHTOB, TOCTPOCHHBIE
npu f = 0,001 4 (TpaIMLUHOHHBIA HOAXOM):

— DKCHEpUMEHTANILHO 1o MeTory MonTe-Kapio;

— — — — BKCHEepUMEHTANILHO 1o MeTory MoHnTe-Kapio asns otkasza

IEPBOT'O JJIEMEHTA,

—-—' —II0 TPAJIULMOHHOMY METOMy pacuera

Fig. 2. The probability distribution functions for the system failure
of 5 parallel-connected elements constructed at £ = 0,001 h™":

— experimentally using the Monte-Carlo method;

— — — — experimentally using the Monte-Carlo method for the failure

of the first element;

IIpoBepka pe3yabTaToB MoaeupoBanus. /s mpo-
BEPKHU Pe3yIbTaTOB MOIEIUpOBaHUs pacueTra 1o (1) BEI-
IIOJIHEH YHCJIECHHBIA JOKCIIEPUMEHT MeTonoM MoHTe-
Kapiio mo umuTanmu npoiecca paboThl CHCTEMBbI JI0 OTKa-
3a [7]. Kaxxaplii ONBIT COCTOSUT B 3aJlaHWU MATH 3HAYCHUN
cilydaliHbIX 4yucen B uHTepBaie oT 0 mo 1, xoTopsle
OTOXIECTBISUTHCH C BEPOSTHOCTAMH OTKa3a sjeMeHTta. Ha
OCHOBAaHHMH BEPOSITHOCTEH MO (DYHKLIUM paclpeesieHNs
q(f) ompenensuMch BpeMeHa OTKa30B. B KaxIoM ombITe
CHCTEMa OTKa3bIBAET TOJBKO 10 JOCTIKEHUH TTOCICIHUM
AJIeMEHTOM HauOoIbIIeld HapaOOTKU. BEIMONHEHO YMCIO
OTIBITOB, JOCTATOYHOE JJIS MPEICTaBUTEIIEHOW BBIOOPKH.
Ilo pesynpTaTam HCHOBITAHUM IONY4YEH MPOCTOM CTaTH-
CTUYECKHI psng Hapabotok. [lo 3TOH cratWcTHKe mO-
CTpoeHa (YHKIHMSI paclpeleseHUus] BEPOSTHOCTH OTKaza
CHCTEMBI, NPUBEACHHAs HAa pHUC. 2 CIUIOIIHOW JMHUEH.
CXOI[I/IMOCTb PaCYCTHBIX U ISKCIICPUMEHTAJIbHBIX 3HA4€C-
HUM Ooiee YeM yaOBIETBOpHUTENbHas. Bmecre ¢ 3THM
OCTaeTCsl HEPACKPBITHIM MEXaHW3M HM3MEHEHUs CTPYKTY-
PBI CHCTEMBI 32 CUET OTKAa30B JIEMEHTOB.

PaccmoTpuM  pe3yipTaT Takoro MOZIEIHPOBAHUS.
B cootBetrcTBUU C BBIpakeHHEM (1) MOXXHO chenaTh BBI-
BOJ, YTO CHCTEMa OTKAa3bIBaeT BCIEICTBHE OJHOBPEMEH-
HOTO OTKa3a BCEX COCTABILIOMIMX €€ 3yeMeHTOoB. Ho 310
JaJIeKo He Tak. Pe3ymbTaTsl YMCICHHOTO MOJIEIUPOBAHUS
00eCTIeYBaOT BO3MOYKHOCTh ITOCTPOEHUS (PYHKITHI pac-
Hpe/ieNieHus BEPOsITHOCTEH IepBOro, BTOPOro, TPETHEro
Y YETBEPTOTrO OTKA30B B cucreme. [[ist npumepa Ha puc. 2
NYHKTHPHOH JIMHHUEH MoKa3aHa (YHKIHsS paclpeeseHus
BEPOSITHOCTH TIEPBOTO OTKA3a CPEH FIEMEHTOB CHCTEMBI.
B cooTBercTBHY ¢ HEl MEpBBIN OTKa3 CPEAN OJUHAKOBBIX
3JeMEHTOB peainzyercs Ha oTpeske [0, 40] yacoB. Takum
00pa3oM, OYEBHIHO, YTO IMPH MOAEITHPOBAHUU HEOOXO-
IUMO YYHUTHIBATH TO, YTO OTKAa3 KaXKIOTO MOCIEIYOIIETO
JJIEMEHTa YBEIMYNBAET BEPOATHOCTh OTKAa3a CHCTEMBI U
BBI3BIBAECT HM3MEHEHHE CTPYKTYpHl €€ paboTOoCIOCOOHOI
gacti. Ho B BeIpaskeHnu (1) 3TOT MexaHU3M OTKa3a CHC-
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—-—-- —according to the traditional method of calculation

TEMBI HUKaK HE OTpakeH. B COOTBETCTBHM C M3JI0XKEH-
HBbIM, (QYHKIHSI pAacHpe/elieHuss BEPOsTHOCTH OTKa3a,
MIPUBEJCHHAS HA PHUC. 2, ABISIETCS TaKOBOW MMEHHO IS
OTJEJIBHOr0 HanboJiee HaIeKHOTO AIIEMEHTA CHCTEMBI, HO
HE JUId caMOil cucTeMbl. B 10Jib3y 3TOro roBOpUT M TOT
(hakT, YTO TUIOTHOCTH BEPOSITHOCTH IOTOKA OTKa30B B
cucreme B cooTBeTcTBHH C (1) Onm3ka k 0 Ha HaYaIbHOM
sTane ee pabOThI, KOrja CyMMapHas IUIOTHOCTH IHOTOKa
OTKa30B COCTABJISIONINX €€ 3JIEMEHTOB MaKCHMaJIbHA.

Takum 00pa3oMm, B CUCTEME C HapaJUIeTbHBIM COCIH-
HEHHEM OJWHAKOBBIX DJIEMEHTOB IIPH YBEIUYECHUH HX
YJUclia yBENUYMBaeTCa HapabOTKa CHCTEMBI 1O OTKa3a.
DTO SABIAETCSA CIEACTBHEM TOTO, YTO TPU BBIOOpE diie-
MEHTOB W3 T€HEPaJIbHOIN COBOKYITHOCTH HAyTaJ YBEIHYH-
BaC€TCA BEPOATHOCTL IOABJICHUSA B CTPYKTYPE CHUCTEMbI
3JIEMEHTa C HauOOJIbIICH HApaOOTKOU 10 OTKa3a.

PaccMoTpuMm pe3ynbTaT MOAENMPOBAaHUS IIpoliecca
OTKa30B B CHUCTEME IO METONy, U3JI0KEHHOMY B [7; 8].
BepositHocTh TIEepBOro orkasza B cucreme (cM. puc. 1)
OTIPEICTIUTCS B BUJIE

q1(0) = fs't, “4)
e fy — CyMMapHas IJIOTHOCTh NOTOKA OTKA30B 3JIEMEH-
TOB. J{y1sl paccMaTpuBaeMoit cHCTeMEI fy = 5f.

[TockonbKy MepBbIii OTKa3 B CUCTEME — COOBITHE J10C-
TOBEpHOE, TO, MOJOXKUB ¢ (f) = 1, onmpenenM BEpXHIOIO
rpanully uaTepsana [0, ¢], Ha KOTOPOM OTKaXKET OJMH 3
AIIEMEHTOB CHUCTEMEI. Toraa rpaHuiia HHTEpBaia IepBOTo
OTKa3a B CHCTEME BBIPA3UTCS KaK

1

Iy
BeposTHOCTh OTKa3a BTOPOTO 3JIEMEHTa OINpPEIeIUTCS

C YyY4ETOM H3MEHEHHs CTPYKTYpbl U IapaMeTpa IIOTOKa
OTKa30B KaK

)

4

7:() = (fx = Dt + Ay, Q)
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rae t, = t; + At, — rpanuna uatepnana [0, ], Ha KOTOpOM
OTKa)XET BTOPOl 2JIEMEHT.
[MonmoxwuB ¢,(¢) = 1, onpexenm

1-4(/5-1)

f-1

IIponomxkus npoueaypy, onpenenuM oTpe3ku A, Aty
U Atfs, a TakxKe BEpPXHHE TPaHULBI f3, {4 U f5s OTPE3KOB
[0, 5], [0, #] u [0, £5], HA KOTOPBIX peaTU3yOTCs mocie-
JYIOIHE OTKa3bl 2JIEMEHTOB.

C npyroil CTOpOHBI, ITOCKOJIBKY OTKa3 KaXXIOTO 3Je-
MEHTA yBEJIMYMBAET BEPOSITHOCTh OTKa3a cucTeMbl Ha 0,2,
TO MOJy4EHHbIE BPEMEHa OOECHEUMBAIOT BO3MOXKHOCTH
MIOCTPOUTH (DYHKLHIO paclpelieNieHust BEPOSTHOCTH OTKa-
3a CHCTEMBI, IPUBEACHHYIO Ha PUC. 3 CIUIOIIHON JIMHUEH.
Tam jxe MyHKTUPHOHM JHMHHMEH NpuBeaeHa (YHKUHS pac-
npeeneHns, MOCTPOSHHAs N0 CTATUCTHKE BBITIOJIHEHHOIO
YHUCICHHOTO HKCIIEPUMEHTA.

At, (7

o
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0.8

0.6
0.4
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&

20 40 60 80 100 r, 4

0

Puc. 3. ®ynxuuu pacnpenencHus BEpoITHOCTH OTKa3a
CHCTEMBI U3 5 TapaienbHO COEANHEHHBIX JIEMEHTOB,
noctpoenHste mpu £ = 0,001 4 :

——— — pacdeT 1o MeToxy 0e3 HCIOIb30BaHUs
TEOPEMbI yMHOKEHHUS BEPOSITHOCTEH;
— — — — 3KcIepuMeHT 1o Metony MouTte-Kapio

Fig. 3. The probability distribution functions for the system
failure of 5 parallel-connected elements constructed
atf=0,001 h'":
— calculation by the method without using
the theorem of probabilities multiplication;
— — — — Monte-Carlo experiment

IIpuBeneHHbIE pe3yNbTaThl MOKAa3bIBAIOT, ITO CUCTEMA
MOJKET HaXOJUThCA B AUCKPETHBIX COCTOSIHMSAX, HCIIPaB-
HOM, HEHUCIIPaBHBIX, HO PAOOTOCIIOCOOHBIX U B COCTOSIHUU
otkaza. COCTOSIHUS pa3/iesieHbl TUCKPETHBIMU COOBITHS-
MU OTKa30B 3JE€MEHTOB. Takoe MpeACTaBIEHHE CTPOro
cootBeTcTBYeT nocrynaram M. [lnanka [4]. Takum obpa-
30M, TIpH YBEJIMYCHHUH YHCIIa 3JIEMEHTOB B CHCTEME C pas-
IEeNbHBIM pe3epBHpPOBaHUMEM ee¢ HapaboTka JO0 OTKasza
YBEJIMYMBACTCSI BCIIECTBHE YBEIWYCHUS BEPOATHOCTH,
Ipu BBIOOpE HAyTaZ, pealn3alliil B €€ CTPYKType 3iie-
MEHTa ¢ HanOOJIbIIEH HAEKHOCTBIO.

Mexanu3M pa3BUTHSI 0TKa30B B BOCCTAHABJIMBAae-
MbIX cucremax. [lepelieM K pacCMOTPEHHIO BOCCTaHaB-
JIMBaEMbIX PE3EPBUPOBAHHBIX cHCTeM. MexaHu3Mm ¢op-
MUpPOBaHMsI OTKAa30B B BOCCTAHABIMBAEMBIX CHUCTEMAax
CYLIECTBEHHO OTIMYaeTca. PaccMOTpUM pe3ynbTaTsl
71a00paTOPHBIX YCKOPEHHBIX HCHBITAHUH CHCTEMBI, HpH-
BEJICHHOI Ha puc. 4 [9].
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B xauecTBe 2/1I€MEHTOB UCIONB30BAINCH JaMIIbl HaKa-
JIMBAHUA. YCKopeHl/Ie pPeKMMa HUCHbITaAHUA OJOCTHUIAJIOCh
YBEIMUYCHUEM HAIPSHKCHUS NMUTaHus Jamr. [leperopes-
1iMe JIaMIbl 3aMEHSUIUCh HE Cpasy, a MOCIe HEKOTOPOro
BpEMCHHU [JId HUMHUTALMU BPEMCHU I10JI€Ta C OTKa30M
B cucteme. Bpems mnonera ¢ orkazoM 7o NPUHUMAIIOCH
paBHbIM 4 MuH. Ilocne yCTaHOBIIEHHS CTaLlMOHAPHOIO
peXrMa OTKa30B M 3aMEH JIaMIl BBIIIOJIHEHA CEepHs 3a4eT-
HbIX HcnbITaHuid. CTaTuCTHKa WCHBITaHUN obecredmia
BO3MOXKHOCTH OTIPEJICITUTD IUIOTHOCTH BEPOSITHOCTH OTKa-
3a namn f = 0,0159 MuH ' ¥ mOCTPOMTH DYHKIHMIO pac-
MPEAEIEHNs BEPOSTHOCTH OTKa3a CHCTEMBI, IIPUBE/CH-
HYIO Ha pUC. 5 CIUIOIIHOM JINHUEH.

4

Puc. 4. CtpyktypHas cxema CHCTEMBbI
C TIOCJIeI0BATENEHBIM COSJUHCHUEM

HHH
HHH

Fig. 4. The system structural scheme
with serial connection

ITo paspaboranaomy B [8; 9; 14] meromy, 3amaBas
BO3pacTalOIIMKi psiJi 3HAUYEHUM BEPOATHOCTEH OTKAa30B
anemenToB ot 0 10 1, paccUnTHIBAINCH BEPXHUE TPAHUIIBI
unrepsaios [0, ] u [f;, £,°°°] BpeMEHN OTKA30B IEPBOI
M BTOPO# JIaMITBI 32 BPEMSI TTOJIETA ¢ OTKAa30M. 31eCh 4" —
BEPXHss TPaHUIa MHTEpBAJIa, Ha KOTOPOM OTKa3bIBacT
BOCCTaHaBJIMBacMasl cCHcTeMa. PaccuMTaHHBIE 3HAUYCHHMS
BEPOSITHOCTH OTKa3a CHCTEMBI ITOKa3aHbl HA PHUC. 5 IyHK-
TUPHOI JMHHEH. OKCIepUMEHTalbHas U pacdyeTHas
(DYHKUMM TPEACTAaBISIIOTCS TIAJAKUMH  KpuBbIMU. [lpm
3TOM CKJIJIBIBAETCS BIICUATIICHHE O HEBBIIOJIHEHUH I10-
crynata M. Ilnanka. 3nech ciieqyer UMETh B BHIY, YTO
OHH TIOCTPOEHBI 110 3HAUYEHHUSIM HapaOOTOK JI0 OTKa3a CUC-
TeMBI, T. €. 110 5,°*. Eciu B pacuere cpasy IMOJOKHTH
q(¥) = 1, To Gyzner moctpoeHa (GYHKIMS, TPUBEACHHAs HA
pHc. 5 IWTPUXIYHKTUPHOM nuHuel. [Ipu ymenbsienun g(f)
3HaYeHHs 5,°°° 9TOM (YHKUMM ONUINYT IIyHKTUPHYIO
JVHUIO, U KaXXIOMy W3 HHUX OyAyT COOTBETCTBOBAaTh 3Ha-
YEHUs /| BEPXHEH IpaHMIbl OTKa3a NePBOTro JIEMEHTA.

HamomHuM, 4TO B HaJ€)KHOCTH M3BECTHBI [[BA OCHOB-
HBIX IUIaHA MCHBITAHUS 3JEMEHTOB. JTO IUIAHBI HCIIBITA-
HUsI HEBOCCTaHABJIMBAEMbIX W BOCCTaHABJIMBAEMBIX 00b-
extoB. Dopmbl (QYHKLUI pacrpeleneHus] BepOSTHOCTH
OTKa30B, COOTBETCTBYIOLIME 3THM IUIaHAM, NPHBEICHBI
Ha puc. 6 [15].

[Ipu 06oux yka3aHHBIX TUIAHAX MCHBITAHUHA JIEMEHTHI
OTKa3bIBAIOT BCIIECTBUE N3HOCA (CTapeHHE, AeTrpajanus).
Tam xe, Ha pHcC. 6, INTPUXITYHKTUPHON JIMHHUEHN MTOKa3aHa
(hopMa TIOTHOCTH BEPOSITHOCTH BOCCTaHABJIMBAEMOM
(HecTaperolell) CHCTEMBbI, COOTBETCTBYIOIIEH (GYHKIMN
pacrpezneseHust Ha puc. 5.

OyHkuus pacnpeseneHls BOCCTaHABIMBAEMOM CHC-
TeMBI (pHC. 5) B TEOPUH W MPAKTHKE HAAEKHOCTH TOTY-
yeHa BriepBble. OTKa3bl TAKMX CHUCTEM HE MOTYT OBITh
OOBSICHEHBI JlerpafaliioHHbIME Tiporieccamu. C nerpaja-
IMeH CBsI3aHBI OTKAa3bl 3JIEMEHTOB, HO HE BOCCTAHABIIH-
BaeMbIX cucteM [16; 17].
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Puc. 5. ®yHkuun pacnpeaeneHust BEpOSITHOCTH OTKa3a
BOCCTAHABIMBAEMOH CHCTEMBI:

— 9KCTIEPUMEHT;

— — — — TPaAUIMOHHEINA pacyerT;

—-—-- —pacuer 1o meroxy [6; 7]

Fig. 5. The probability distribution function
for the failure of the restored system:
— experiment;
— — — —traditional calculation;,
—.—.. —calculation by the method [6; 7]
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Puc. 6. ®opma u3MeHeHUs IIIOTHOCTEH BEPOATHOCTEH
IIPY UCIIBITAaHUAX:
— IUTaH HEBOCCTAHABIMBACMBIX OOBEKTOB;
— — — — IUIaH BOCCTAQHABJINBAEMbIX OOBEKTOB;
—-—-- — JIsl BOCCTaHABIMBAEMOM CHCTEMBI

Fig. 6. The form of the change in the probability densities
during testing:
——— —plan of non-renewable objects;
— — — —the plan of the restored objects;
—.—-. — for the rescue system
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Puc. 7. (DyHKIII/ISI pacnupeaciieHust BEPOATHOCTH OTKAa30B CUCTEMbI
OT MPOTSHHKEHHOCTHU OTPE3KOB MEKY TOUKaAMU OTKa30B JIaMII B CUCTEME

Fig. 7. The probability distribution function of system failures
from the length of segments between the failure points of lamps in the system
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3akaouenne. MexaHu3M OTKa3a HECTapEIOIIMX CHC-
TeM ompepensieTcs IByMs npoueccamu. IlepBsiii nmpouecc
CBSI3aH CO CIIyYailHbIM XapakTepOM MOMEHTOB BPEMEHH
OTKa30B 3JIEMEHTOB B ITOJICHCTEMaX, 00Pa3yIOLINX CHCTE-
My. IIpn 3TOM BpeMeHHBIE MHTEpPBAJIBI MEXIY TOUKaAMHU
OTKa30B 3JIEMEHTOB B IIOJICHCTEMax B Mpolecce padoThl
WU3MEHSAIOTCSI ¥ CMELIAIOTCST APYI OTHOCHTENIBHO IpyTa.
Korzaa BpemeHHOI HHTEpBal MEXy IOCIEI0BATEIbHBIMU
OTKa3aMHM 3JIEMEHTOB B MOJCHCTEMAaxX CTAaHOBUTCS MEHb-
11e BpeMeHH 1o, peaau3yeTcst 0TKa3 CUCTEMBI.

Bropoii npouecc, onpeaensomuid XxapakTep U3MeEHe-
HUSI BEPOSITHOCTH OTKa3a cucteMbl (J(f) OT BpeMeHH, SIB-
JIIeTCS. CHEACTBHEM pACHpEeAeNeHHs PA3IMYHBIX MpPOTH-
JKEHHOCTEN OTPE3KOB BPEMEHU MEXy OTKAa3aMHU 2JIEMEH-
ToB. OyHKIWS pacnpeneneHus BeposTHOcTH () OT mpo-
TSDKEHHOCTH OTPE3KOB BPEMEHH MEXKAY TOUKaMH OTKa30B
JIaMII B pacCMaTpUBAaEMON CUCTEME IPUBELIEHA Ha puC. 7.
W3 puc. 7 cOBEpIIEHHO OYEBUJIHO, YTO IO MEPE yBEIUYE-
HUSI TIPOTSDKEHHOCTH OTPE3KOB MEXKIY TOYKAMH OTKa30B
JiaMII TNIOTHOCTb BEPOATHOCTU CYHICCTBEHHO YMECHbIIACT-
cs1. CneoBaTeNbHO, OTPE3KOB MEHbIIEH JUIMHBI CYIECT-
BEHHO OOJIbIIIE, YeM OTPE3KOB OoJibineil uinHbL. [1o 3Toi
NpPUYUHE IUIOTHOCTE BEPOSITHOCTU OTKa3a CUCTEMBI
YMEHBIIAETCs 110 Mepe YBEJIMYEeHUsI HapaOoTKK. B koHeu-
HOM Cu€Te, 3TO NPUBOIUT K YMEHBIIEHUIO MaTeMaTHue-
CKOT'O OXKMJAaHUs BpEMEHH 10 0TKa3a cucTeMbl. HecmoTpst
Ha 5TO HETaTWBHOE CJEICTBHE, HaJEKHOCTh BOCCTAHAB-
JIMBAaEMbIX CHCTEM II0 CPABHEHHIO C HEBOCCTAHABIHMBAC-
MBIMH MHOTOKPaTHO BO3pacTaeT C YMEHbIIEHHEM Ifo
1 YBEIIMUEHHEM KPATHOCTH PE3EPBUPOBAHMUSL.
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